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ABSTRACT: 

PURPOSE: To enable collective operation control even at the failure time of 
station control devices in a distributed operation control device of such 
constitution that a central processing unit for performing the collective operation 
control of trains is connected to the station control devices for controlling the 
operation of trains by a loop transmission circuit. 

CONSTITUTION: An operation control device is provided with transmission 
control devices 4a-4c having telegram number monitor parts which are the 
failure detecting parts of station control device 2a-2c, and line switches 101a- 
101c for connecting the station control devices 2a-2c to a central processing unit 
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1 through a loop transmission circuit 5 at the normal time and connecting relay 
interlocking devices 6a-6c directly to the central processing unit 1 through the 
loop transmission circuit 5 at the failure time of the station control devices 2a-2c. 
Accordingly, even when the station control devices 2a-2c are in failure, the 
central processing unit 1 and the relay interlocking devices 6a-6c can be 
connected by the line switches 101a-101c, so that train location information can 
be transmitted to the central processing unit 1 . 
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repetition detection process, current repairs, faults, and 
anomalies identified by the tools are used as input values 
(see reference character 424 of FIG. 15). If there are no 
problem cases within the selected combination period, then 
a new problem case may be created. If there is a problem 5 
case within the combination period, then all the repair 
recommendations made during that period (including the 
current recommended repairs) are combined into one prob- 
lem case. As discussed above, each case includes the faults 
and anomalies associated with the repair recommendation 
and therefore this information is also contained within the 10 
problem case. If processing is outside the case combination 
period, the case repetition detection process 420 checks all 
the open problem cases outside the case combination period 
and attaches the new problem case as a child to an existing 
problem case if the repairs of the two problem cases match 
and if the list of anomalies or faults in the new problem case 
are contained in the existing problem case. This feature is 
also depicted at the step 232 and 242 of FIG. 8 A. If there is 
no match, then a new problem case is created. The creation 
of a new case by the case repetition detection process 420 is 
depicted at an output step 426. 20 

Another important feature of the present invention is the 
re-analysis of the created problem cases after the completion 
of a recommended repair. This process is shown in FIGS. 8A 
and 8B by reference character 440. This aspect of the present 
invention is implemented by the use of a look-back param- 
eter as previously discussed herein. The objective of this 
feature is to screen out anomalies or faults that in fact have 
already been addressed through recent repair actions or 
recommendations. Following is a summary of the steps 
involved in the re-analysis process 440. Repairs are not 
added to the list if all of the following conditions are met: the 30 
results of the analysis indicates that there is an anomalous 
condition and/or repair code needed (see the decision step 
166 of FIG. 8A); the locomotive has been repaired or repair 
recommendations have been made recently (see the decision 
step 170 of FIG. 8A); the anomalous conditions and/or 
repair codes are the same as those that were identified before 
the repair recommendation or operation (see the decision 
step 180 of FIG. 8A); the data that indicated an anomalous 
condition or repair is re-analyzed so that input download 
data preceding the repair recommendation or operation is 
not included within that re-analysis (see the step 182 of FIG. 
8A; and the re-analysis indicates that no anomalous condi- 
tion is present and no repair is needed (see the step 184 and 
the decision step 186 of FIG. 8A). 

While the invention has been described with reference to 
a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalent elements may be substituted for elements thereof, 
without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the 50 
invention without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode con- 
templated for carrying out this invention, but that the inven- 
tion will include all embodiments falling within the scope of 55 
the appended claims. 

What is claimed is: 

1. A method for analyzing performance data of a plurality 
of locomotives to determine the need for remedial action to 
one or more of the plurality of locomotives, comprising: 

receiving sets of performance data; 

storing the sets of performance data; 

assigning a priority to each set of performance data for the 
order in which the sets of performance data are to be 
analyzed; 65 

analyzing the sets of performance data, according to the 
assigned priorities, by a plurality of data analysis tools 
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according to a respective analysis capability limit of 
each respective tool when a volume of performance 
data to be analyzed exceeds the analysis capacity of the 
tool, wherein the analysis capability limit constitutes 
the volume of performance data that a tool can simul- 
taneously analyze; and 
creating a service recommendation based on the step of 
analyzing the sets of performance data. 

2. The method of claim 1 wherein one or more of the 
plurality of data analysis tools simultaneously analyze a set 
of performance data, and wherein the analysis capability 
limit further comprises a limit on a number of data analysis 
tools that can simultaneously analyze the set of performance 
data. 

3. The method of claim 1 wherein the analysis capability 
limit comprises a limit on a number of sets of performance 
data that one of the plurality of data analysis tools can 
analyze. 

4. The method of claim 1 wherein the recommendation is 
selected from among, a repair recommendation, a mainte- 
nance recommendation and a recommendation requesting 
collection of additional sets of performance data from the 
locomotive. 

5. The method of claim 1 wherein the step of analyzing 
further comprises determining an order according to which 
each one of the plurality of data analysis tools analyzes a set 
of performance data. 

6. The method of claim 1 wherein the recommendation 
further comprises results from the step of analyzing and 
requests review of the analyzed performance data by an 
expert in the operation and repair of locomotives. 

7. The method of claim 1 further comprising: 
compiling the sets of performance data into a plurality of 

download cases; and 
wherein the step of analyzing further comprises analyzing 
one of more of the plurality of download cases by the 
plurality of data analysis tools, wherein one or more of 
the data analysis tools can simultaneously analyze more 
than one of the plurality of download cases. 

8. The method of claim 7 wherein the step of prioritizing 
further comprises: 

prioritizing the plurality of download cases in response to 
attributes of a set of performance data and the elapsed 
time since the download case was compiled according 
to the step of compiling. 

9. The method of claim 1 wherein the step of prioritizing 
the sets of performance data further comprises prioritizing 
the sets of performance data according to high priority 
download cases and normal priority download cases. 

10. Trie method of claim 9 wherein the step of analyzing 
further comprises analyzing the high priority download 
cases prior to analyzing the normal priority downloaded 
cases. 

11. The method of claim 1 wherein the sets of perfor- 
mance data comprise operational parametric data associated 
with the locomotive and fault data indicating a possible fault 
condition of the locomotive. 

12. The method of claim 11 wherein the fault data 
indicates the occurrence of an out-of-specification condition 
on the locomotive. 

13. The method of claim 11 wherein the operational 
parametric data comprises parametric data collected over a 
time period and parametric data collected at spaced apart 
time intervals. 

14. The method of claim 1 further comprising: 
selecting, in response to the sets of performance data, one 

or more data analysis tools from the plurality of data 
analysis tools for analyzing the performance data 
according to the step of analyzing. 
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15. The method of claim 1 further comprising: 
providing the service recommendation to a railroad opera- 
tor of the locomotive for implementation on the loco- 
motive. 

16. The method of claim 1 further comprising 
receiving critical sets of performance data from a loco- 
motive from the plurality of locomotives, wherein the 
step of analyzing is executed on the critical sets of 
performance data within a predetermined time of 
receipt. 

17. The method of claim 1 wherein the sets of perfor- 
mance data comprise operational parametric data associated 
with locomotive operation and fault data indicating a pos- 
sible fault condition on the locomotive, wherein the opera- 
tional parametric data is available for receiving on a periodic 15 
schedule, and wherein the fault data is available for receiv- 
ing after occurrence of a fault on a locomotive. 

18. The method of claim 1 wherein said at least one 
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step of analyzing and requests for additional performance 
data according to the step of analyzing. 

26. The method of claim 25 further comprising providing 
the problem cases to a locomotive operator, wherein one or 
more of the problem cases are closed by the locomotive 
operator by implementing one or more of the service rec- 
ommendations and others of the problem cases remain open. 

27. The method of claim 26 farther comprising accumu- 
lating open problem cases. 

28. The method of claim 26 further comprising a step of 
detecting a repetitive problem case as a problem case 
comprising one or more of service recommendations, 
anomalous operating conditions, detected faults and requests 
for additional performance data present in a previously 
generated problem case. 

29. The method of claim 19 wherein the service recom- 
mendation comprises one or both of a repair recommenda- 
tion and a maintenance recommendation. 

30. An apparatus for analyzing performance data of a 
plurality of locomotives to determine the need for remedial 



analysis tool comprises a tool from the group comprising a 

case-based reasoning tool, a trend anomaly tool, a Bayesian 2 o action to one or more of the plurality of locomotives" 
belief network tool, a fault classification tool and an 
anomaly detection tool. 

19. A method for generating a service recommendation 
for a locomotive, comprising: 

receiving sets of recent locomotive performance data at a 2 $ 
remote diagnostic site; 

assigning a priority to each set of recent performance data 
for the order in which the sets of performance data are 
to be analyzed; 

analyzing the sets of recent performance data, according 30 
to the assigned priorities, and sets of historical perfor- 
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mance data from a look back period, by one or more of 
a plurality of data analysis tools; and 
generating a service recommendation for the locomotive 
in response to the step of analyzing the sets of recent 
performance data and the sets of performance from the 
look back period. 

20. The method of claim 19 further comprising segregat- 
ing the sets of recent performance data into performance 
data cases, wherein the step of analyzing further comprises 
queuing the performance data cases in a system queue 
according to the step of assigning a priority. 

21. The method of claim 20 wherein each one of the 
plurality of data analysis tools comprises a tool queue, the 
method further comprising loading the performance data 45 
cases from the system queue into one or more of the tool 
queues. 

22. The method of claim 19 wherein the look back period 
extends back to a time when a prior service recommendation 
was generated for the locomotive. 

23. The method of claim 19 further comprising modifying 
a duration of the look back period. 

24. The method of claim 19 further comprising: 

generating problem cases comprising service recommen- 
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comprising: 

a download module for receiving sets of performance 
data; 

a storage device for storing the sets of performance data; 

a controller for assigning a priority to each set of perfor- 
mance data; 

a plurality of data analysis tools for analyzing the sets of 
performance data, according to the assigned priorities 
and a respective analysis capability limit of each one of 
the plurality of data analysis tools when a volume of 
performance data to be analyzed exceeds the analysis 
capacity of the one of the plurality of data analysis 
tools, wherein the analysis capability limit determines 
a volume of performance data that a tool can simulta- 
neously analyze; and 

a recommendation creator for creating a service recom- 
mendation in response to the plurality of data analysis 
tools. 

31. The apparatus of claim 30 wherein the storage device 
comprises a tool queue for each one of the plurality of data 
analysis tools, and wherein each one of the plurality of data 
analysis tools selects a set of performance data from the tool 
queue. 

32. The apparatus of claim 30 wherein the storage device 
comprises a system queue, and wherein each one of the 
plurality of data analysis tools selects a set of performance 
data from the system queue. 

33. The apparatus of claim 30 further comprising an 
analysis scheduler for activating one or more of the plurality 
of data analysis tools in response to availability of a set of 
performance data in the storage device. 

34. The apparatus of claim 30 further comprising a status 
table for indicating availability of sets of performance data 



. . . c . in the storage device for analysis by one or more of the 

dations according to the step of generating a service 55 plurality of | ata analysis toolf / 

recommendation; and 35 ^ apparalus of claim 30 further comprising a tool 
selecting a look back period to eliminate a problem case execution table for storing analysis capability limit infor- 
comprising a service recommendation that has been mation for each of the plurality of data analysis tools, 
implemented by a locomotive operator. 36. The apparalus of claim 35 further comprising an 
25. The method of claim 19 further comprising a step of 60 analysis scheduler for activating one or more of the plurality 
generating problem cases comprising one or more of service of data analysis tools in response to the respective analysis 
recommendations according to the step of generating service capability limit in the tool execution table, 
recommendations, anomalous operating conditions accord- 
ing to the step of analyzing, detected faults according to the ***** 
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